YYAA o ARWETH c/\c\e)Lq..i- L;:\.,\.O C_L\.,a E) (;jl;

Ao ol 40 5594098 5 i PT o 1 (S Hlwdingd
P19 9 09y Wa Gliwe 9 N (10 5SS g mivwin )5 Joloxo
ool owd Z g Olalad &S

o, *yY ., - )
@y‘ﬁc W‘W)bcgshwéyy(a\@j‘cw

Ol e e oDl T ol 5,8 Al (Ol O Kl oSSl pmaass (6 ;S5 (g gmiila)
Ol e e oDl 3BT olKls (52,8 Al (e mlis 5 ke 05,5 skl -
Ol s oDl 33T ol&ls 5,5 Al (Ol O K55 RSl (a6 555 (gl -
QARYY 2o pds Gl QY /0 Y/YY 1l s )

o A~

Ll s g JS Sln b = oy K55 3ledde ool Gi b Sl Goee 055 f e dnT3 (b 5 3 cilore sl ie (il 51 AT
S S S b s el e bl e S b Gtk nl o3 il olg e e sae kS 51 > 5 Aul
03 Sast o 5 (Ao;3 V50 F) ey JS Jglome s oz hle 53 sk st (sl Jold Joime sla e 0 oy 5o
VYo g Ay &0 Ol aw o) Q:;‘Cﬂ Ol JGL)WQ)JSCJ,«: .Lﬂje )'lJ...'é(C,;LAY')Y Aol & ogeedwaz ;510 L;La:ﬁ)ib‘-(,;&
A i sla pize 4 ol 0T Ky sdel oy SVsle 23 5 5 g0 Dloisly ol o Dlalad A4S ol 5 ks, o Dl (45
0> Gl e imman AL e N o 038 S Oy e A 5 Als e Sose bl s (FEP0) (5l e
A S el DI Glils sy da Ol RIS ks a5 ea g (PY/00) (sols me S LI s 3550 SlasS el
Jplons 53 0dd 5 pab s lad gad sls OLES ) 2 3550 Slo e (S3ltings IS5 5 Al 0 Ky Skt 5 (SAS5 2 Il s as
osle Dfﬁ&éﬂ Df VIV s, Slgome Ol Blas= sl 4l £ e 4y oz g ol ¥ Sde a4 eSSt 5 Aoy ¥ ﬁ.L.u.LJlS
@ Ky Dl 5 (o3 YY) SaS s o do s (s, Osdk St ole fif“-)“-j f; OIVY) Cusb,y (Glsmme (42, Oy Kt

sl o (AB=Y0) dalis 4 s

Goos 03,5 o sy o sy St o 03 St Olialy o 3T 108 31 S

nasefi@iaut.ac.ir .ol J o’

\a



csleble 53 6osab e (el e i S Sileeies

U‘)&‘“‘A}Jﬁl’&sd‘)‘”}‘(’w‘“&‘”

o S 4 O Jlie A8 S o W slis sl Jl-
S de TS e ) e 3 e IS 055
LB I 5l s e ol aSessbay [Ve 5 A] ol
ol Lo 5l asl (s Canlin 0 AiS G pms (gl cds
o ol Ol A e @ Ok eSS Gl
Gl pfss Ol als glsly o il Glaflasy
DS o e il Geas 03 SE e 2l b eld
5 0Ll Sles adlas 4 Oly e dex OF 5l & ol
SolasSha S Gl 53 o5 lal d(1Y40) (6 5i0
Syl KT Ol jao b a3 iy ol il
bl pramen 5 555,500 03 S b S Lo g
Obmisk CoedS 5 s 2l M 0357 e e
BE S 3 e s G Puo e e
AL 60 4 S ety 4 S S 0L fols
Sogon L Ol Gy 5 A2dls GE5y Ol Sl e
Glaises a0 by gD pln oS Lol S (555
s S5 L s 5 15 fas L ol o3l iy
s o3 [N Sl Sl s Sl Ol 03 5F
A OT0) hes 5 T by an S o m Ks
SIS s LS 5L Ol sl s iy
~eb gt o i Sl eslinad Gl 5 s O L e 5T
G Dllas s 5 e s ol 5 plb S 3 (655
Clor sy ocalie glalley 5 bl s Ges 058
B N E esn dise D3 S TS Ik s Gy
Ly a5 45 313 0L sy onl 3l ol e
Wby e Lle Jpame Slogar g5, » 4B S
03 S Obekily 8y Sl oond Dl et (B, ol
23 0357 ;o Sl Ay Olmisly Glaf i a3 i Ao
bz 5 Oloj riman 3503 (Silspme 36 Y (bl rlaw
Shn 038 o Okl 2 Golrgne L6 0357
Olisl

HEOTAY) a5 b [Y]cls
2 sl OB 5 IS leadslS s sl il
b sl D3 e 550 1 Obmisl 035 F Aol
slpe b Obisl laddl> s iy &S s Ol
dpame 53 5, Sl SRS 4 e GOS0
Loy iy a o Sl e i S A S Ll

30 Ol Aoy v/0 5 )V L oedd A i sladi sl w

\Al

dodo —

algs Chrme 5 Opde S5 G 4 SU S ks
—b sl @l Bl Sl S e 2l
oS el W5 plal il e Ob e 5 Bl (B0
s liea QEAS G pan wlid sl 5l S o

Y] ol WPl e 5«
Sloges Sooal Vb lasdis 2550 s 4 Lo sy Dl s
b s & Gl des 1l 0Ll gl U
P ST P SCRN PERPINI ER W G [PV
ol ol oLl Ot lid alS B 3l ¢ SKiy
o Glie Al ages U Olwsl [F] Al e Olsl
ol ol L 5 ol (Solanaceae) «wlVsm gosl il
- &tues; (Solanum Melongena) LSS5k o 5 5
ol GV pslie Dlisl oglhs sla S 5l [E] 552
10) ol oS G elen 4oaS el OF L5 s
ool Qb8 ar g ap5e (o5 V00 o il (g JSAS
S il gdmeslge (gsle Olaisl ool 4B S 15 i
A alimelis 5o s G eelS i Al e
S ghuens b 0] il s B oy S 5 C A s
(FAO) soze Jle (55,58 5 5ol Ol b 4 S
S A4S s Olpe o Sl ey 0Ll (YY)
slenay 5 Sde 35l (plply 3 gl Cgmie Jpaze
Slie gl Gags 53 Olmisl e ol pake ok
ol oy gl b op S e Sl (Sl als Ly
I T N s T U P R EN P
e b ks 3 kel Sl Dgel sebye O
o s a3l [A 5V ] Asl e gl S
P20 Sl s Sl 5 Sole Y
S o 0] spde e SliEglio s Lyl
el 03 S3SE R P Ok Y s > VL
Gos 0355 e Wl Jgbss [ 2250 Wy Oler
e 3sb 5 A za el Ol s e Oleses Jlis!
S G ICRCH S R LR DU PP I SR ERA PRy FE A
Bt Y5 e 056 (sla BTy s e sl
o on 4 [y s s O 0,503 5 30k ESTy i
sbrl & Ol p 28Ty onl e mls S1[A 5 Y O] 50

u.ﬂ Lv .)},q_u' e)l...f:\ eJu.f:'ij J},,a;u BE) \_J}Ud.ﬂ CJL’J V.xlg



\VC\/\]; AN 093 L/\‘\UL;..Z

ajtss 3 3lgeY

saliwl 590 ad gl 3l g\ Y

S50 sl slse Olyeay mlo 25, 5 Olmisl (Godd 5o
L., (Solanum melongena olsl . S 15 eslizul
5 438 ol & 55 Jews L 5l cv Black Bell)
A S e VL s s Sl bl 51 18
oeyata mle Eay walllas ol s elial 55 2,
(6lsay 5 L g Do, BT sla s, 51 b slse) 0S5

25k ol (U L

& o5 5 5lwoslel-Y-¥

gy 5 st 3 e L0l bl A elnil 6l

¥ b & (sl LIB) s S S b5 5,8

ol Ol e S esls i e Sl Y0 kb s e sl

O R T U PR I

OBl s Sl el Lol k) s S
(&5 8 &, 50 Minitab16

Jols s A (V) O 5 plia Y]
2 Gosbst Jals placd 5 B Sbu b T L eyl
Glgmms 5 1) pleb S 5 ok Juto oS 5 S (013 525 SO
JR on s Olisl el e ol 5 2
boodd (53l sladiped s 0L Jols mls &S sl
Sl FoboJitn oS5 S b edd paaiis s O
03 ok pabys O aSL el s idy Ol b Lets
S Gl a4 phb S s s jsdbse 5 SO,
[Ve] sy 85,5 dr Ol
5 ombe bl Sl eslinal G5 Sl 4 4z L
Ee SV g (5, Glse Al S 4 ods O ke
3 Sosre Sl s Gl a1 slaies ol
on o ol ol Gl bl ol s o] Ceal Pl
slcble 53 o 5 gl O L pmpl i 6
0SS Sled i 1 8 et S Jsle il
5 oEas 2l Uiz 03 SE e dnlb Ol s Sreos
Lild ol Obeisl el Sl 4S ol

A3 o Gres O3 SF

Table 1 Experimental values designed in response surface methodology

Treatment Block vacuum drying Time (h) sodium chloride (%) Deep fat frying time (S)
1 1 3 7 40
2 1 1 3 120
3 1 3 3 120
4 1 2 5 80
5 1 2 5 80
6 1 1 3 40
7 1 3 7 120
8 1 3 3 40
9 1 1 7 40
10 1 1 7 120
11 1 2 5 80
12 1 2 5 80
13 2 2 7 80
14 2 2 5 80
15 2 1 5 80
16 2 3 5 80
17 2 2 5 40
18 2 2 5 120
19 2 2 3 80

20 2 2 5 80
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Fig 1 Process flowchart
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Table 2 The independent quantity variables and their levels used for design

Factor Levels

Xi
-1 0 +1
Vacuum drying time (X1)(h) 1 2 3
NaCl Concentration (X2) (%) 3 5 90
Frying time (X3)(S) 40 80 120

Table 3 The independent quality variables and their levels used for design

Xi

Block

Blanching (X0) 1

Vo
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Fig 2 The 3D response surface plots of Moisture Content affected by Drying time (X1. h) and Frying time
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Fig 3 The 3D response suface plots of Moisture Content affected by Drying time (X1. h) and NaCl concentration
(X2. %)
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Fig 4 The 3D response suface plots of Oil Content affected by Drying time (X1. h) and Frying time (X3. S)
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Fig 5 The 3D response suface plots oil content affected by Drying time (X1. h) and NaCl concentration (X2, %)
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Fig 7 The 3D response suface plots shrinkage affected by Drying time (X1, h) and NaCl concentration (X2, %)
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Fig 6 The 3D response suface plots of shrinkage affected by Drying time (X1. h) and Frying time (X3. S)
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Fig 8 The 3D response suface plots of appearance density affected by Drying time (X1, h) and Frying time (X3.
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Fig 9 The 3D response suface plots appearance density affected by Drying time (X1, h) and NaCl concentration
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Table 4 Comparison of the control sample and the optimum sample

Results Moisture Oil content shrinkage Appearance AE
content density
Optimum Sample 5+£700 1+£700 1+ 000 3+ 200 5+ 000
blank sample 6+370 3+706 1+ 037 3+ 921 -
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Table 5 Modeling of responses by response surface methodology

Response Formula R’ R’ (adjusted)
Moist tent Y =10.8922 — 0.436833 X, — 1.5749 X, — 0.11625 X, —  0.9670 0.9552
oisture conten 0.0393 X; + 0.00704375 X, Xs
Oil content Y =2.61943 —0.119417 X, — 0.4011 X;- 0.03305 X+ 0.9861 0.9824
1l conten 0.006495 X,
Y =-2.47845 + 0.381574X, + 1.36976 X+ 0.226997 X, +
shrinkage 0.104102 X; — 0.105941 X;> — 0.00303125 X; X; + 0.9977 0.9961
0.0310147 X,> — 0.000362776 X3*
A densi Y =1.12239 — 0.0174583 X,- 0.0247 X,;- 0.00465 X, —  0.9480 0.9294
ppearance density 2.25 X; - 0.00025 X, X,
AE =-7.27095 +7.89525 Xo + 7.1949 X, + 113455 X, + ) 50 0.9234

0.13333 X;

Xo: Blanching, X;: Vacuum drying time, X,: NaCl Concentration, X;: Frying time
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Understanding the relation between different variables affecting deep-fat frying before and during the
frying process through the modelling, could be used to set up the optimal conditions for controlling the
process that results in improvement of the quality of final fried product. In the present study, the
Response Surface Methodology (RSM) and Central Composite Design (CCD) was employed in order
to investigate the effects of independent variables including blanching and soaking in different
concentration (3, 5 and 7%) of sodium chloride solution as well as vacuum drying (1, 2 and 3 hours)
prior to deep-fat-frying and also the effect of frying duration (40, 80 and 120 s) on oil uptake and
quality features of deep-fried eggplant. The equations achieved through the examinations revealed that
independent variables had significant effect (P < 0.05) on the parameters. Among the studied
parameters, vacuum drying was found as the most efficient variable. Moreover, blanching had a
significant effect (P < 0.05) on all of the treatments. Although it reduced the oil uptake, caused adverse
effects on the quality of the final product such as increasing of shrinkage and colour changes. In
conclusion, the optimization of variables showed that samples soaked in 3% sodium chloride solution,
dried for 2 hours, and fried for 40 s had the least oil content (1.70 g/1 g of dry matter without oil),
moisture content (5.70 g/1 g of dry matter without oil), percentage of shrinkage (32%) and colour
changes (AE = 25) in comparison with the control sample.
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